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INTRODUCTION  
 
Many cultivars of durum wheat grown in Ethiopia are 
landraces, which have evolved through hybridization 
and selection over thousands of years under various 
environmental conditions. Thus, they have low yield 
potential and poor performance (Tesfaye et al., 1998). 
Durum wheat occupies almost half of the country’s total 
wheat area (0.96 m. ha.) with an average productivity of 
1.2 tons/ha. (CSA, 2001). Research efforts made at 
Debre Zeit Agricultural Research Center (National 
Durum Wheat Research Project) (NDWP) led to the 
development of superior varieties and improved 
landraces from land races and introductions through 
hybridization and selection, yet these are not enough to 
substitute the import made by the food processing agro-
industries. Besides, durum wheat generally lack stability 
in performance and depict inconsistent behavior when 
grown over a wide range of environments. Thus, 
stability and wide adaptation are of vital importance in 
Ethiopia where fluctuations in growing conditions are 
very high.  (Adugna and Labuschahne, 2002). To make 
it competitive to Triticum aestivum, it is essential to 
develop varieties possessing stable performance. 
Therefore, by exploiting the good adaptation and 
stability of yield and its components in durum wheat 
genotypes, it would be possible to develop/identify high 
yielding and well adapted varieties. For this, evaluation 
of genotypic performance at a number of locations 
provides useful information to determine their 
adaptation and stability. 
MATERIALS AND METHOD 
 
The experimental materials consisted of 25 genotypes 
which included 14 introductions from CIMMYT 
(designated as CD and CI), 9 advanced lines developed 
by NDWP crossing program and 2 released cultivars as 
checks (Table 1). The experiment was conducted in 
twelve environments comprising six locations (including 
a farmer’s field) and two planting patterns (Row and 
Broadcasting). These locations were the main variety 
testing sites of the Ethiopian NDWP and were 
representative of the different wheat growing agro-
ecologies of the region.  Three sites (Chefe Donsa, 
Akaki and Selale farmer’s field) fall in  the highland 
zones (2200-2750 meters above mean sea level) and 
were characterized by high annual rainfall (>1000mm) 
and poorly drained black (vertisol) soils. Two sites 
(Debre Zeit and Minjar) represent the mid-altitude zone 
(1900-2300 meters above mean sea level) and were 
characterized by moderate annual rainfall (700-900mm) 
and well drained black (vertisol) soils. One site (Alem 
Tena) was representative of the moisture stress area in 
the rift valley (1575 meters above mean sea level) 
having a well-drained sandy soil, and mostly erratic 
annual rainfall (500mm).  The experiments were laid out 
in two planting patterns at each location in a randomized 
complete block design (RCBD) with three replications 
under rain fed condition during July – December, 2004.  
The seeds were sown by hand at a rate of 150 kg/ha and 
the planting depth was kept at 5cm. The plot size was 
2.0 m2 i.e. four rows of 2.5m length and 0.20m width.  
Agronomic practices were followed as per 
recommendations of the NDWP for each location. Data 
were recorded for grain yield and its components. The 
data were subjected to statistical analysis using 
AGROBASE 20 (Agrobase 20, 1999) computer 
software. Pooled analysis of variance for G x E 
interaction was done according to Eberhart and Russell 
(1966) model and multivariate additive main effects and 
multiplicative interaction (AMMI) effects (Gauch, 1988) 
were computed for classification of genotypes and 
environments. 
 
RESULTS AND DISCUSSION 
 
Results of joint regression and AMMI analysis (not 
shown)  revealed highly significant differences (P< 0.01) 
among the genotypes, the environments and G x E 
interaction for grain yield and its component traits 
except harvest index which did not exhibit G x E  
interaction.  The G x E interaction component of 
variation was partitioned into 12 possible interaction 
principal component axes (IPCA), equal to the number 
of environments. However, the first four axes 
significantly explained 76.68% of the total G x E 
interaction variance for grain yield, 74.32% for number 
of kernels per spike and 80.38% for thousand kernel 
weight. In case of biological yield per plant the first 
three significant IPCA together explained 63.32% of the 
total interaction variance. The AMMI analysis provides 
a graphical representation of summary information on 
main effects, and the first interaction axis in the form of 
a biplot of IPCA1 and G x E interaction to classify 
genotypes and environments. The means and IPCA 
scores of genotypes and environments for different traits 
are given in Table 1; however, biplot figures are not 
shown here. 
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Table 1.  Means and IPCA scores of genotypes and environments for different traits  in durum wheat 
 
The biplot analysis revealed that genotypes CD97383, 
CIGM91-349 and DZ3117 exhibited IPCA scores close 
to zero and high mean yield, thus found to be stable. The 
stable genotype CIGM91-349 recorded the highest mean 
yield over environments (6.48 gm). Genotypes 
CIGM91-347, CD91313, CD94523 and DZ2234 were 
high yielders since their mean was greater than the grand 
mean they had positive IPCA scores, thus they were 
found to be adapted to Akaki Broadcast, Selale Row and 
Broadcast, Minjar Row, Alem Tena Broadcast and 
Akaki Row environments. Genotypes with negative 
IPCA score were not adapted to any of the 
environments. Biplot also showed Debre Zeit Row and 
Broadcast as high yielding environments but with 
negative IPCA scores and Chefe Donsa Broadcast as a 
high yielding environment with IPCA score near zero. 
The Akaki Broadcast environment was identified as high 
yielding with positive IPCA values. Selale Row and 
Selale Broadcast, Minjar Row, Akaki Row and Alem 
Tena Broadcast were identified as low yielding but with 
positive IPCA scores. The low yielding environments 
represented areas where crop failure is common due to 
erratic rainfall, short growing periods and drainage 
problems. The highest mean yield across genotypes was 
observed at Debre Zeit Broadcast (9.73 gm) while the 
lowest was recorded in Alem Tena Row (3.81gm). 
 
S. 
No 
 
Genotypes 
Grain yield / 
 plant (gm) 
Biological yield / 
plant (gm) 
Number of 
grains/spike 
1000 grain weight 
(gm) µ  IPCA score µ IPCA score µ IPCA score µ  IPCA score 
01 CDSS92B1467 6.02 -1.91 13.76 2.56 40.78 1.26 45.11 0.64 
02 CD91Y7 5.56 -0.24 12.94 0.71 41.75 0.85 42.97 0.02 
03 CD94523 6.13 0.19 13.80 0.15 53.97 -0.75 40.50 1.03 
04 CDSS93Y33 5.36 0.08 12.92 -1.20 42.33 -0.86 45.72 0.03 
05 CD91989 5.74 0.39 13.66 -0.67 50.83 0.07 41.11 0.40 
06 CDSS92B193 6.23 -0.42 14.33 0.59 57.08 1.71 36.36 0.44 
07 CD97383 6.26 0.02 14.00 -0.56 43.36 -0.30 45.50 -0.90 
08 CD98206 5.57 -0.11 13.01 -0.09 46.78 0.08 44.03 -0.03 
09 CIGM91-349 6.48 -0.05 14.48 -0.09 56.64 -0.94 40.25 0.42 
10 CIGM91-347 6.41 0.96 14.54 -0.48 56.25 0.41 42.44 0.15 
11 CD94545-A 5.62 0.74 12.58 -0.41 41.47 -0.61 39.75 -1.24 
12 DZ2234 5.92 0.31 13.54 -0.96 40.31 -0.08 49.47 2.24 
13 CD95294-1Y 5.48 0.53 12.20 -0.85 57.25 3.04 37.03 -0.40 
14 DZ2212-1BS 5.63 0.55 13.50 -0.52 50.83 0.09 39.84 0.18 
15 DZ2293-2DZR 6.26 -0.56 14.59 0.54 49.36 -0.18 43.03 -1.31 
16 DZ1675-1AK 5.82 -0.15 13.33 0.19 40.39 -1.98 47.64 -1.56 
17 DZ1669-1AK 5.67 -0.87 13.87 1.13 42.39 -1.04 41.08 -1.67 
18 CD91313 5.92 0.99 13.44 -0.44 40.86 -1.53 41.11 2.14
19 DUKEM/3/RUF 6.21 -0.38 14.24 1.20 44.78 0.55 48.03 0.52 
20 DZ3117 5.93 0.02 14.01 -0.33 47.61 -1.55 44.06 -1.29 
21 Yerer 5.82 0.53 13.90 -0.62 46.89 1.21 44.22 0.57 
22 CDSS93Y545 6.03 -0.58 12.84 0.81 53.83 2.30 36.25 -0.26 
23 Gerardo 5.55 -0.22 12.71 0.64 42.69 -0.03 46.83 1.29
24 DZ-04-118 (L. check) 4.59 1.10 13.41 -1.74 38.11 -0.78 37.61 -2.21
25 Ude (S. check) 5.42 -0.91 12.53 0.43 38.25 -0.92 45.03 0.78 
 Grand mean 5.83  13.52  46.61  42.72  
 
 Environments         
01 Alem Tena Row 3.81 0.024 10.18 0.234 35.23 -1.194 37.71 -0.566 
02 Alem Tena Broadcast 4.86 0.727 11.29 -0.956 38.19 -0.574 42.61 -1.114 
03 Minjar Row 4.59 0.194 11.22 -1.214 45.49 0.551 35.83 -1.974 
04 Minjar Broadcast 3.78 0.003 10.39 -0.222 45.40 -1.054 34.77 -1.671 
05 Debre Zeit Row 8.40 -0.684 19.89 0.574 58.67 2.827 35.05 -2.172 
06 Debre Zeit Broadcast 9.73 -2.862 22.01 3.802 57.33 0.746 37.49 -1.725 
07 Akaki Row 5.47 0.229 12.26 -0.466 45.95 -1.432 48.53 1.224 
08 Akaki Broadcast 6.60 0.967 12.84 -0.381 50.12 3.054 46.75 1.259 
09 Chefe Donsa Row 6.74 0.541 15.25 0.136 48.52 -0.788 47.36 2.078 
10 Chefe Donsa 
Broadcast 
7.93 -0.099 16.57 0.051 56.20 1.943 47.44 1.702 
11 Selale Row 4.20 0.764 11.56 -1.497 39.31 -1.625 48.61 1.579 
12 Selale Broadcast 4.05 0.196 8.76 -0.063 38.95 -2.150 50.48 1.431 
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Accordingly for biological yield per plant, genotype 
CDSS92B1467 possessed the highest positive IPCA 
score while genotype DZ-04-118 exhibited the highest 
negative. Genotypes CD94523 and CIGM91-349 with 
IPCA scores near zero and high yield were found to be 
stable.  Among environments Debre Zeit Broadcast 
exhibited the highest positive IPCA score while Selale 
Row showed the highest negative demonstrating them to 
be favourable and poor environments, respectively.  
Chefe Donsa Broadcast showed IPCA score near zero 
indicating it as average environment for most of the 
genotypes. Genotypes CD91989, CIGM91-347, Yerer, 
CIGM91-349, CD91313 and DZ3117 with high mean 
performance and positive interaction were adapted to 
Akaki and Minjar (for both methods of sowing), Alem 
Tena Broadcast and Selale Row. Genotypes DZ2293-
2DZR, CDSS92B193, DZ1669-1AK and 
DUKEM/3/RUF with high mean performance exhibited 
negative interactions and were adapted to Alem Tena 
Row and Chefe Donsa Row environments  
 
For number of grains per spike, genotype CD95294-1Y 
exhibited the highest positive and DZ1675-1AK highest 
negative IPCA score. Four non-interactive better 
performing genotypes, CD91989, CD98206, DZ2212-
1BS and DZ2293-2DZR with IPCA scores near zero 
were identified as stable.  Environments Debre Zeit Row 
and Broadcast, Chefe Donsa Broadcast and Akaki 
Broadcast were identified to be high yielding with 
positive IPCA scores and grouped as similar. Genotypes 
CD95294-1Y, CDSS93Y545, CDSS92B193 and 
CIGM91-347 were adapted to these environments.  
Chefe Donsa Row was found to be high yielding but 
with negative IPCA score while Minjar Row was rated 
as low yielding with positive scores.Each had three 
genotypes adapted to it.  Variations in grain yield 
between environments were predominantly associated 
with variations in kernels per spike.  This result agrees 
with Belay et. al. (1993) in durum wheat.   
 
In the case of a thousand grain weight, genotypes 
DZ2234 and CD91313 possessed the highest positive 
IPCA scores and were high and low performing, 
respectively. Among the high performing genotypes 
DUKEM/3/RUF, Gerardo, CDSS92B1467, Ude and 
Yerer were positively interactive while DZ2293-2DZR, 
DZ1675-1AK, DZ1669-1AK, CD97383 and DZ3117 
were found to be negatively interactive. Three stable 
genotypes, CD98206, CD91Y7 and CDSS93Y33, with 
IPCA scores near zero were adapted to all environments.  
Selale Row and Broadcast gave higher mean thousand-
kernel weight (50.48 and 48.61, respectively) and also 
showed the highest positive IPCA scores and were 
considered as favorable environments while Minjar Row 
and Broadcast, with lower mean kernel weight and  
maximum negative IPCA scores, rated as unfavorable 
environments. This indicated that environments with 
high rainfall were favorable for genotypes with heavier 
kernels. The decrease in grain weight in Minjar may be 
due to disturbed uptake efficiency and photosynthetic 
translocation within the plant (Iqbal, et al., 1999) that 
produced shriveled kernels due to fast end maturity and 
windy weather.  Alem Tena Row showed IPCA score 
near zero indicating it to be an average environment.   
Environments Akaki Row and Broadcast, Chefe Donsa 
Broadcast and Row and Selale Row and Broadcast 
exhibited positive IPCA scores with better performance 
and were classified in one group. All high performing 
genotypes were found to be adapted to this high yielding 
environment group. 
 
The results of this study confirm the importance of 
testing genotypes under representative environmental 
conditions to identify the best, stable and high yielding 
genotypes. The stable genotypes for grain yield were 
also better in performance for other traits for example  
CIGM91-349 (highest yielder) also had higher stable 
biological yield and number of grains /spike, CD97383 
had higher 1000 grain weight and biological yield and 
DZ 3117 had higher biological yield, number of grains 
/spike and 1000 grain weight.  These genotypes could be 
utilized for direct cultivation as well as in hybridization.  
The information on the relative contribution of 
environments and their interactions with genotypes is 
helpful in determining the number of testing 
environments.  Debrezeit  among locations was found to 
be the best for realization of grain yield, biological yield 
and grains /spike while Selale for expression of 1000 
grain weight.  Broadcast method of planting was found 
to be superior over row in all locations except Minjar 
and Selale. 
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